Five hundred and seven elderly hypertensive patients were followed for 1 year, 371 for 2 years and 270 for 3 years in a double-blind, randomized, controlled trial in which they received either placebo or 25-50mg hydrochlorothiazide and 50-100mg of triamterene daily. One third of the active treatment group also received 250 mg to 2 g methyldopa daily. After 1 year the active treatment group had an average increase in fasting blood sugar of 2.5 mg/dl compared with an average fail of 1.4 mg/dl in the placebo group (P = 0.01). The increase "M blood sugar 1 hour and 2 hours after 50 g oral glucose tended to be greater in the actively treated group but these increases did not achieve statistical significance. The effects of diuretic treatment were established after one year and did not increase further over the next 2 years. Overall there was an increase in fasting blood sugar of 5 mg/dl in the active treatment group which occurred mainly in the first year.
Introduction
A high proportion ofhypertensive patients on thiazide diuretics have an abnormal glucose tolerance (Breckenridge et al., 1967) and case reports show that diabetes mellitus can be precipitated in susceptible subjects (Wilkins, 1959; Schwab et al., 1963) . However, the magnitude of this problem remained in doubt until it was shown that blood sugar is increased in young patients treated for more than 5 years (Lewis et al., 1976; Murphy et al., 1982) . The European Working Party on Hypertension in the Elderly (Amery et al., 1978) reported that fasting blood sugar increased by 10 mg/100 ml over 2 years in elderly hypertensive patients given a combined capsule of hydrochlorothiazide and triamterene. This report was based on the results in the first 119 patients to be followed in this randomized double-blind placebo controlled trial. The article generated some disagreement and discussion (Berglund & Andersson, 1981) . The present report presents the results on over 500 patients entered into the trial. The degree of glucose intolerance is reported with more precision and the mechanisms underlying these changes are discussed in greater depth.
Patients and methods
The European Working Party on Hypertension in the Elderly (EWPHE) has conducted a double-blind, randomized trial of the effect of treating hypertension in persons aged over 60 (Amery et al., 1985) .
By December 1983, 853 patients, average age 72 (range 60-97) had entered the multicentre study, 69% were women. Five hundred and forty-two had a fasting blood sugar recorded initially and one or more years later. Of these, 16 (3%) received oral hypoglycaemic drugs before a glucose estimation and were excluded from the analyses. Eight of these patients were in the actively treated group and eight in the placebo group. Diabetics receiving insulin were excluded from entry to the trial. Five hundred and seven patients had fasting blood sugars at entry and one year, 371 at entry and 2 years, and 270 at 3 years. Three hundred and eighty-six patients (71 %) also had blood glucose estimations made 1 and 2 hours after taking 50 g glucose.
We calculated (a) the change in fasting, 1-hour, and 2-hour blood sugars after 1, 2 and 3 years, and (b) the sum ofthe fasting, 1-hour and 2-hour blood sugar as a measure of the 'area' under the glucose tolerance curve.
The measures of glucose tolerance were compared between the placebo and diuretic groups by the Student's t-test. Multiple regression techniques were used in order to determine whether the effects of treatment were independent of, or related to, other variables. Table I gives the increases in fasting blood sugar, and blood sugars 60 and 120 minutes after the glucose load from baseline and after 1, 2 and 3 years. In the placebo group small increases of4 and 0.6 mg/100 ml in fasting blood sugar were observed during the second and third year in the trial. These rises followed a fall of 1.4/ 100 ml in the first year. In contrast, for actively treated patients receiving a diuretic, the average fasting blood sugar rose by about 3 mg/100 ml for every year in the Table I The increase in fasting blood sugar (FBS) in mg/100 ml, blood sugar sixty minutes after 50 g glucose (60' BS) and 120 minutes after (120' BS): for 3 years after entry to the trial and for the placebo and actively treated group separately. trial. The differences between the two groups in fasting blood sugar were statistically significant after 1 (P < 0.05), 2 (P < 0.05) and 3 (P < 0.01) years.
Results
The average blood sugar 60 minutes after the glucose load fell 6 mg/l00 ml during the first year in the placebo group but returned almost to baseline after 3 years. In contrast, in the actively treated group the average 60 minutes glucose increased after 2 years and, at this stage, had increased by 1Omg/100 ml more than in the placebo group (P = 0.06).
The average 120 minutes glucose increased by 2-3 mg/100 ml/year in the placebo group and about 4 mg/l00 ml in the actively treated group. These increases did not differ significantly from one another. In the actively treated group the average fasting blood sugar increased by 3 mg/100 ml/year in both men and women and both ages 60-69 and 70-79. Figure 1 gives the results for a cohort of243 patients who had a fasting blood sugar measured initially and after 1, 2 and 3 years of follow-up. These withinsubject data show that a 5 mg/dl difference in fasting blood sugar between the groups was established after 1 year and was constant thereafter. Similarly, any difference in 60 minute and 120 minute blood sugar averaged about 5 mg/dl and was established by one year. Table II shows the absolute concentrations of blood sugar according to whether the patients were receiv- ing, at the end of their observation period: no active treatment, only 1 or 2 active diuretic capsules a day, and 2 active diuretics plus methyldopa. There was a marked tendency for the highest levels of blood sugar to occur in those given both 2 active diuretic capsules and active methyldopa, but this excess was not statistically significant. Table III reports the blood sugar after 1, 2 and 3 years of follow-up for the treatment group, active or placebo, and for three groups: serum potassium < 3.9 mmol/l, 4.0-4.3 mmol/l, and > 4.4 mmol/l after 1, 2 and 3 years of follow-up. The absolute level of fasting blood sugar was negatively correlated with serum potassium, not after 1 year but after 2 years (r= -0.12, P<0.05) and 3 years (r= -0.18, P <0.01). The 60 minute blood sugar was also significantly correlated with the concentration of serum potassium after 3 years (r = -0.16, P < 0.05). After 2 years the 120 minutes glucose was significantly negatively correlated with the concentration of serum potassium at that time (r = -0.12, P <0.05). The 'area' under the glucose tolerance curve was significantly associated with serum potassium after 2 years (r = -0.13, P < 0.05) and 3 years (r = -0.20, P <0.01). After 3 years in the trial, the measures of blood sugar were all significantly and negatively associated with serum potassium at that time. Conversely, the association between these variables 1 year after entry was weak and not statistically significant. Figure 2 illustrates the results after 3 years. The highest fasting, 60 and 120 minute blood sugar concentrations occurred at serum potassium concentrations of <3.9 mmol/I and were similar whether the patients received active diuretic treatment or placebo. Table IV assesses the strength of the associations when many variables are taken into account and gives the equations derived from regressing absolute level of blood sugar on age, sex and initial and achieved systolic pressure, the number of active diuretic capsules, serum potassium and weight. Age was positively, independently, and significantly related to the absolute concentration of blood sugar. Women also tended to have higher blood sugars than men. In the first year, when achieved systolic pressure was high, fasting and 60 minute blood sugars were also increased. Sixty minute blood sugars were higher in the second and third years when the initial systolic pressure was high. Fasting blood sugar was positively related to weight at 1 year. For most measurements of blood sugar either the number of active diuretic capsules prescribed was positively related to blood sugar or the concentration of serum potassium was negatively related to blood sugar.
Discussion
This second report is in broad agreement with the previous communication (Amery et al., 1978) , but there are some important new findings to discuss in consequence of the five-fold increase in the number of patients.
In the first report we described an increase in fasting blood sugar of 4-5mg/100ml/year with active diuretic treatment, a larger increase when 2 capsules were prescribed than when only one was given. The present report confirms an increase of 5 mg/100 ml in this first year, but suggests that in the elderly hypertensive it does not increase at this rate every year. In fact, when considering only those 243 patients followed every year for 3 years, the active-placebo differences were identical after 1, 2 and 3 years respectively. The yearly increases in fasting blood sugar in the placebo group appeared to be due to ageing and the effect of a diuretic was established during the first year of treatment.
The 120 minute blood sugar tended to increase most with time in both the placebo and actively treated groups. This 'ageing' effect averaged 3 mg/l00 ml/ year. Any upward drift in fasting or 60 minute blood sugar appeared to be less marked, but entry to the trial, presumably with changes in dietary habits in some patients due to an increased concern for their health, may have distorted any tendency to increase steadily with time.
In the first communication we reported that fasting and 60 minute and 120 minute blood sugars increased most when the serum potassium fell. The present report confirms this finding after 2 and 3 years, but not after 1 year offollow-up, a finding previously reported by Murphy and his colleagues (1982) . Most importantly, in the placebo treated group the fasting blood sugar was related to the concentration of serum potassium after 3 years in the trial. The relationship between serum potassium and fasting blood sugar was therefore not due solely to compliance with the active diuretic regimen. The negative association in the placebo group supports the hypothesis that thiazide diuretics raise fasting blood sugar by lowering body or serum potassium.
The positive association between blood sugar and either initial or achieved blood pressure confirms the positive association between blood sugar and hypertension in normotensive individuals (Florey et al., 1976; Stamler et al., 1974) . In fact, a 1 mmHg increase in systolic pressure was associated with a 0.5 mg/ 100 ml increase in both 60 minute and 120 minute blood sugars, but only a 0.1 mg/l00 ml increase in fasting blood sugar. The latter, rather weak, association was partly explained by the 0.2mg/100ml increase in fasting blood sugar associated with every kilogram increase in weight, weight also being positively associated with blood pressure.
The diuretic treatment used in the EWPHE trial consisted of a combination of potassium losing diuretic, hydrochlorothiazide, and a potassium sparing diuretic triamterene. The fall in serum potassium in the trial averaged only 0.2 mmol/l (Amery & de Schaepdryver, 1981) and it is possible that a larger decrease in serum potassium would have led to a more serious deterioration in glucose tolerance than that observed in the trial. In the Medical Research Council Trial on mild hypertension (1981) the fall in serum potassium in comparison to placebo averaged 0.6 mmol/l when only a potassium losing diuretic was employed. Also, the effects on glucose tolerance were not cumulative in the EWPHE trial.
